Oxidative stress in the body occurs when the production of free radicals overwhelms the antioxidant defence systems. The aim of this study was to examine the effects of a tiletamine/ zolazepam-xylazine-tramadol combination on the antioxidant status, lipoperoxidase and blood cell indicators in eight miniature pigs. Baseline measures were recorded prior to anaesthesia, then the animals were anaesthetized with the combination of tiletamine/zolazepam (3.5 mg/kg), xylazine (1.32 mg/kg), and tramadol (1.8 mg/kg). Blood samples were collected from the anterior vena cava at 15, 30, 60, 90, 120 min, 24 h, and 72 h after anaesthesia. Plasma malondialdehyde, superoxide dismutase, catalase, and glutathione peroxidase concentrations were measured by colorimetry, and red blood cell counts, white blood cell counts, haemoglobin and packed cell volume were determined using an automated cell counter. The results showed that the concentration of malondialdehyde increased significantly at 30 and 60 min after the injection (P < 0.05), whereas glutathione peroxidase and catalase activity increased slightly (P > 0.05) then returned to baseline values after 90 min (P > 0.05). Superoxide dismutase activity increased significantly (P < 0.05) at 30 and 60 min, and then gradually decreased to baseline values after 90 min. Changes in red blood cell counts, haemoglobin and packed cell volume were not significant, while white blood cell count decreased significantly (P < 0.05) at 30 and 60 min. Our study is the first to demonstrate that tiletamine/zolazepam-xylazine-tramadol provide antioxidant effects, which may be proposed for alleviating the stress of examination and research at veterinary clinics or long-distance transportation.
Oxyradicals are produced as by-products both during normal metabolism, i.e., mitochondrial respiration, and under oxidative stress. Under normal circumstances, the generated reactive oxygen species (ROS) are detoxified via enzymatic and non-enzymatic antioxidant defences present in the body when the generated ROS and antioxidants are within the physiological equilibrium range. Enzymatic systems involved include superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px), and non-enzymatic antioxidants include urate, cysteine, vitamin E, vitamin C, and β-carotene (Aydilek 2007; Fidan et al. 2009 ). Oxidative stress in the body occurs when the production of free radicals overwhelms the antioxidant defence systems, resulting in damage of DNA and certain membrane lipids (Halliwell 1994) . Thus, antioxidants help to counterbalance such reactions and play a vital role in cellular protection (Sies 1997) . The pro-oxidation effects of some general anaesthetics have been described (Khinev and Dafinova 1993) , and various anaesthetics possessing different physicochemical properties have been reported to affect the lipid peroxidation process directly or indirectly, leading to the formation of malondialdehyde (MDA) in the body or even to tissue damage.
Tiletamine/zolazepam is an injectable drug combination used widely by veterinarians in mammalian species, alone or in combination with other anaesthetic agents (Williams et al. 2002; Ko et al. 2007; Re et al. 2011; Lu et al. 2013) . Xylazine is an α 2 -adrenergic receptor agonist sedative with analgesic properties that has a significant effect on depression of the heart rate and the respiratory system (Derossi et al. 2003) . Tramadol is an effective centrally acting analgesic (Lee et al. 1993 ) that additionally acts as a monoamine reuptake inhibitor (Desmeules et al. 1996) . Tramadol is sometimes referred to as atypical opioid and its analgesic activity may be mediated by both opioid and non-opioid (i.e. norepinephrine and serotonin reuptake inhibition) mechanisms (Lewis and Han 1997; Liu et al. 1999; Nossaman et al. 2010) . The combination of tiletamine/zolazepam-xylazine-tramadol (TZXT) has been reported to produce safe and adequate anaesthesia in an earlier study on miniature pigs (Lu et al. 2010) . However, to our knowledge, no study has examined the effect of the TZXT combination on plasma oxidant/antioxidant indicators in miniature pigs.
In the present study, we aimed to investigate the effect of TZXT on the activities of GSHPx, CAT and SOD, serum MDA and several haematological indicators before, during, and after anaesthesia of miniature pigs.
Materials and Methods
After approval by the Northeast Agricultural University Committee on Animal Care and Use, eight (3 female and 5 male) healthy 8-month-old (age range 7-10 months) Chinese experimental miniature pigs (27.7 kg, range 33-22.4 kg) in good physical condition were selected for the procedure. They were housed individually and fed dry commercial dog food (Pedigree®, Mars Petcare China, Beijing, China) twice daily and water ad libitum. A routine physical examination (i.e., complete blood count, biochemical profile and electrocardiogram) was carried out two days before the study, and in all animals, all variables were within the physiological limits. All animals appeared healthy and exhibited no clinical signs of disease.
Following a 12 h starvation period, the pigs were anaesthetised with 3.5 mg/kg tiletamine/zolazepam (Zoletil ® 100; Virbac Corporation, Carros, France), 1.32 mg/kg xylazine (Rompun ® ; Bayer, Leverkusen, Germany) and 1.8 mg/kg tramadol hydrochloride (Tramal ® 100; Grunenthal GmbH, Aachen, Germany). All drugs were administered intramuscularly. The pigs were placed in lateral recumbence, breathing air spontaneously without intubation. Anaesthesia was produced within 3 min (2-8 min on average) and lasted approximately 80 min (mean 87.57 ± 9.61 min).
Prior to anaesthesia, 4 ml blood samples were collected by venipuncture from the anterior vena cava into EDTA tubes (0 h; control), then at 15, 30, 60, 90, 120 min, 24 h and 72 h following anaesthesia. All of the 4 ml of blood collected, 2 ml was retained for haematological analyses, and the remaining 2 ml samples were immediately centrifuged at 1500 × g for 10 min and the resulting plasma samples stored at -80 °C until required for measurement of other indicators. Red blood cell (RBC) and white blood cell (WBC) counts, packed cell volume (PCV) and haemoglobin concentration (Hb) were determined using an automated cell counter (Coulter MD18, Beckman Coulter, Brea, CA, USA). The concentrations of MDA were measured spectrophometrically with MDA Assay Kit A003 (Institute of Biological Engineering of Nanjing Jianchen, Nanjing, China) by the thiobarbituric acid (TBA) method (Asakawa and Matsushita 1980) . Activity of SOD was determined using a SOD Assay Kit A001-1 (Institute of Biological Engineering of Nanjing Jianchen, Nanjing, China) according to the method cited by Oyanagui (1984) . This method is based on the measurement of the inhibition of SODinduced formation of nitrite from hydroxylamine by spectrophotometry. Activity of CAT was determined with CAT Assay Kit A007 (Institute of Biological Engineering of Nanjing Jianchen, Nanjing, China) according to the colorimetric method (Beers and Sizer 1952) . Activity of GSH-Px was determined with a GSH-Px Assay Kit A005 (Institute of Biological Engineering of Nanjing Jianchen, Nanjing, China). The GSH-Px has the ability to decompose hydrogen peroxide and other organic hydroperoxides. The reaction uses glutathione to complete the reaction using hydrogen peroxide, as the substrate. Consumption of nicotinamide adenine dinucleotide phosphate (NADPH) was used to determine the GSH-Px activity.
All data are expressed as means ± standard deviation (SD). Statistical analysis of data within groups was performed with one-way analyses of variance for repeated measures followed by the least significant difference test. The P < 0.05 was considered significant. All statistical analyses were carried out using SPSS v13.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
All pigs recovered from anaesthesia without complications and no excitement was observed during anaesthesia. The values of CAT and GSH-Px activity, MDA concentration and haematological indicators are shown in Table 1 . After anaesthetic injection, MDA concentration increased, and its values at 30 and 60 min were significantly higher compared to baseline values (P < 0.05). Activity of SOD increased significantly at 30 and 60 min (P < 0.05), then gradually decreased to baseline value at 90 min. There was a nonsignificant increase in the GSH-Px and CAT activity after TZXT administration, and its values returned to baseline values after 90 min (P > 0.05). The RBC counts, PCV and Hb decreased, but no significant changes were observed (P > 0.05). The WBC counts showed a statistically significant decrease at 30 and 60 min (P < 0.05), returning to baseline values at 90 min (P > 0.05).
Discussion
The main enzymes that control the biological effects of reactive oxygen species are SOD, CAT and GSH-Px. The SOD catalyses the dismutation of superoxide anions into H 2 O 2 , GSH-Px oxidizes reduced glutathione, inactivates H 2 O 2 and reduces organic peroxides to their alcohols (Michels et al. 1994) , and CAT catalyses the decomposition of hydrogen peroxide (H 2 O 2 ) to water and oxygen (Isaksson et al. 2009 ). Tramadol can inhibit the re-uptake of norepinephrine between the synapsis (Raffa et al. 1992) , so the concentrations of norepinephrine may increase. Norepinephrine can exert neuroprotective effects by acting as an extracellular antioxidant (Rommelfanger and Weinshenker 2007) and intraperitoneal injections of norepinephrine can result in an increase of SOD and CAT activities (Danielisová et al. 2006) . The increase in SOD may be due to the non-opioid mechanisms of Tramadol.
A previous study in humans reported no significant change in MDA concentrations before and after anaesthesia (Khinev et al. 1995) . However, other studies examining the use of tiletamine-zolazepam (Ceylan et al. 2007) or its combination with xylazine in sheep (Aydilek 2007 ) and gazelles (Yaralioglu-Gurgoze et al. 2005 ) demonstrated an increase in MDA concentrations, similar to the results of our study. Based on the fact that MDA is one of the end products of lipid peroxidation, and is both an indicator and effector of oxidative stress (Sivaci et al. 2006 ) our study may support the fact that oxygen free radicals are released upon administration of TZXT. Our data demonstrated that animals injected with TZXT had increased plasma SOD, GSH-Px and CAT activity. These increases act to maintain the oxidant/antioxidant balance, indicating that TZXT is capable of increasing the antioxidant capacity in pigs. In a previous study in sheep, tiletamine-zolazepam alone caused a significant decrease in Hb and PCV (Isaksson et al. 2009 ). However, the combination of tiletaminezolazepam-xylazine had no effect on certain haematological indicators in dogs and gazelles (Yaralioglu-Gurgoze et al. 2005) . In the present study, RBC, PCV and Hb decreased gradually and returned to baseline levels after injection of TZXT. Pooling of the circulating blood cells in the spleen or other reservoirs secondary to decreased sympathetic activity may explain the decrease in Hb, PCV and WBC (Singh et al. 2007 ). The significant decrease in WBC may be related to capture of the animals prior to injection. The decrease in PCV and Hb during the period of anaesthesia or sedation may also be a result of the shifting of fluid from the extravascular compartment to the intravascular compartment (Wagner et al. 1991) in order to maintain normal cardiac output.
In conclusion, our results demonstrate that administration of TZXT has available antioxidant effects in miniature pigs. These findings may be beneficial to animals in which free radicals play a role in oxidative stress, such as during long-distance transportation. Additionally, the findings may support the use of TZXT for chemical immobilization of miniature pigs and may be proposed for alleviating the stress from veterinary clinics examination and research.
